A b s t r a c t. The experiment was conducted in 2016 and 2017 in the vegetation hall of the Faculty of Environmental and Agricultural Development, West Pomeranian University of Technology in Szczecin.
INTRODUCTION
New possibilities of enriching and diversifying food production, especially of plant origin, are still being sought, which is a result of, among other factors, a significant narrowing in the crop species number. The intensification of agriculture, and thus the cultivation of the most productive plants with minimal agrotechnical requirements, has contributed to the overproduction of certain plant species, as well as the impoverishment and contamination of soils, and thus the degradation of the natural environment, lowering food quality, and as a consequence, contributing to the spread of diseases of civilization (Aktar et al. 2009 ). Two species of cultivated plants, which are attracting increasing interest, mainly due to the significant possibilities of using them in the production of pro-health food are buckwheat (Fagopyrum Mill.) and millet (Panicum miliaceum L.). Buckwheat is a product recommended in the diet for the purposes of prophylaxis and diet therapy in the treatment of many diseases of civilization. Substances contained in buckwheat have a positive effect on the functioning of the human body. In comparison with other cereals, it is more abundant in essential amino acids, minerals and B vitamins (Linh et al. 2014) . Millet, like buckwheat, is a gluten-free cereal, and therefore it can be consumed by people with celiac disease and gluten intolerance. It is also a great source of B vitamins and beneficial polyunsaturated fatty acids and antioxidants.
In association with environmental improvement, interest in proecological plant growing technologies aims to replace traditional methods with biological methods, the purpose of which is to enhance soil fertility by increasing its microbiological activity, thereby improving both the physical and chemical properties of the soil, and ultimately increasing both the crop yield and quality (Yamada and Xu 2001) . The global trend seems to be a shift towards reducing the use of chemicals in the cultivation of plants, and thus the use of safer and greener alternatives. For production that does not threaten the natural environment, chemical plant protection products or mineral fertilizers can be replaced with natural fertilizers such as manure and liquid manure, as well as with organic fertilizers. In the opinion of Babaeian et al. (2011) , the use of inorganic chemical fertilizers is hazardous to the soil environment. These materials cause problems not only in the area of soil health, but also to human health and the physical environment. Also, chemical fertilizers consume a large amount of energy and money (Khan et al. 2013) . The positive effect of organic fertilization on the growth and yields of plants was confirmed by Okoroafor et al. (2013) . An improvement of soil properties and crop productivity was reported by Mahmood et al. (2017) . According to some scientists (Kaczmarek et al. 2007 ), a role similar to that of fertilizers can also be performed by biological preparations, which include effective microorganisms (EM) or mycorrhizal preparations, especially since previous studies have shown (Khaliq et al. 2006 ) the competitiveness of their application in relation to traditional solutions. The controlled use of rhizosphere bacteria, especially in organic crops, may, the opinion of according to Dąbrowska and Zdziechowska's (2015) , potentially contribute to reducing the use of artificial mineral fertilizers and herbicides.
The usefulness of the crop for further use as a food depends on the interaction of several factors. The composition of plants may be modified by many factors: genetic features, protection against pests, climatic conditions, soil conditions and the closely related factor of fertilization. Grain yields are not a simple fertilizing function. Both deficiencies and an excess of minerals are very unfavourable to plants. The use of rational fertilization, based on a comprehensive analysis of soil and leaves, determines the outcome of a high-quality yield and lower production costs. Nitrogen (N) is the most important limiting factor, followed by water deficit, for biomass production in natural ecosystems. An insufficient dose of N may cause a reduction in the leaf surface, chlorophyll content, as well as a reduction in photosynthetic activity or plant biomass. On the other hand, an excessive use of N fertilizers causes lodging and diseases, an increase in production costs, the pollution of groundwater and it also frequently results in a decrease in yields (Yang et al. 2014a) . A rapid and reliable assessment of crop nutritional status in terms of N during vegetation is an important element in the application of this macronutrient with fertilizer. The current nutritional status of plants with N is obtained by measuring the content of chlorophyll with the use of a chlorophyll-meter on the basis of the leaf greenness index (SPAD index). Evaluation of the chlorophyll content in the plant is also a good indicator of water stress in plants. Water deficiency affects the reduction of chlorophyll concentration in the leaves of plants.
Therefore, the aim of the research was to determine the impact of effective microorganisms (EM), manure and mineral fertilization on the chemical composition of grain and soil and the leaf greenness index (SPAD index) in the cultivation of buckwheat (Fagopyrum Mill.) and millet (Panicum miliaceum L.).
MATERIAL AND METHODS
The plot experiment was carried out in 2016 and 2017 in the vegetation hall of the Faculty of Environmental and Agricultural Development, West Pomeranian University of Technology in Szczecin (53°26ʹ50ʺ N, 14°31ʹ45ʺ E). The influence of the biological preparation of effective microorganisms (EM), mineral and natural fertilization on the following results was assessed: yield of buckwheat (Fagopyrum Mill.) and millet (Panicum miliaceum L.), SPAD index (leaf greenness index), content of macro-and microelements in grain (N, P, K, Ca, Mg, Na, Cu, Mn, Mo, Fe and Zn), pH KCl , content of organic C (C org ) as well as macro-and microelements (N, P, K, Ca, Mg, Cu, Mn, Fe and Zn) in soil.
The experiment involved (in doses compliant with agrotechnical recommendations): 1. EmFarma PlusTM product, which contained a properly selected composition of beneficial microorganisms, genetically non-modified microbial strains and their metabolites, contained in a fermented mixture of natural ingredients (http://www.probiotics.pl). The application was carried out by spraying the soil with the preparation (2.5 ml of preparation / 35 ml of water / per plot), which was mixed with the soil to enhance the effect. 2. Granulated bovine manure (150 g plot -1 ) containing (minimum): N 2.1, P 2 O 5 1.6, K 2 O 5.9, Ca 2.0, Mg 0.5 (% DM), organic substance -60% DM, humic substances -25% DM. 3. Ammonium nitrate (4 g plot -1 for buckwheat and 4 g plot -1 for millet) containing 34% N.
The soil on which the experiment was conducted, was brought from the Agricultural Experimental Station in Lipnik (53°20′35″ N, 14°58′10″ E), Poland. The soil belongs to the typical rusty soil group (Polish Soils Systematics 2011) and is classified as Haplic Cambisol (WRB 2014) . At the Ap level (arable-humus horizon), it has a granulometric composition of clay sand with a slightly acidic pH.
The application of the preparation and fertilization was performed before sowing the cereals. Sowing was carried out successively, on 21 May, 2016 and on 22 May, 2017. The seeds were placed in plots (12 plots for buckwheat, and 12 plots for millet) with 75 seeds plot -1 of buckwheat and millet each. Soil samples were collected for chemical analysis after harvest: in 2016: 30 August -buckwheat, 29 September -millet, in 2017: 28 August -buckwheat, 28 September -millet. After harvesting, the grain yield (g plot -1 ) was determined.
The experiment was planned using a completely random design, in three replications. The plot size was 1 m 2 . The experiment included four combinations: control (without EM and fertilization), ammonium nitrate, manure, effective microorganisms (EM).
Measurements of leaf greenness in each year were taken using a chlorophyll meter -SPAD 520 (Minolta) in stages: flowering (BBCH 60-69), fruit development (BBCH 70-79) and ripening (BBCH 80-89), for millet, in stages: shoot development (BBCH 30-39), fruit development (60-69) and ripening (BBCH 80-89). The measurements (index of leaf greenness -SPAD index) were conducted on fully developed leaves without any signs of ageing or mechanical damage.
The plots were protected from atmospheric precipitation. The humidity of the plots was controlled continuously. During the period of intensive growth and development of both plant species (critical stages in development), humidity was maintained at 60-70% of the field water capacity, which is the optimal value of soil moisture for both buckwheat and millet.
Soil samples were taken from each plot to form a pooled sample for the experimental combination after harvesting. The soil pH KCl was determined using the potentiometric method according to ISO 10390/1997. The amount of organic carbon (C org ) was determined using the Westerhoff colorimetric method. The concentration of total nitrogen (N) was determined in samples mineralized in sulfuric (VI) acid with H 2 O 2 -Kjeldahl method. The content of available phosphorus (P) and potassium (K) in the soil was determined using the Egner-Riehm (DL) method. For the determination of the amount of calcium (Ca) and magnesium (Mg) in the soil, an extraction was performed using a buffered barium chloride solution at pH = 8.1 (ISO 13536:2002P).
The total content of metals: iron (Fe), zinc (Zn), manganese (Mn) and copper (Cu) was determined in soil samples after wet combustion in a mixture of nitric(V) and chloric(VII) acids (ISO 11047:2001) . Analyses were performed using a spectrometer Atomic Absorption iCE 3000 Series (Thermo Fisher Scientific).
The mineral composition of the grain was determined after the plants were harvested. Material for the macroelement concentration analyses was subjected to digestion in concentrated sulfuric acid (H 2 SO 4 ) and perchloric acid (HClO 4 ), whilst the material for microcomponent concentration analyses was subjected to digestion in a nitric acid (HNO 3 ) and perchloric acid (HClO 4 ) mixture. The concentration of N was determined using the Kjeldahl method. The concentration of P was determined using a colorimetric method with a Specol 221. An atomic absorption spectrometer was used to determine K, Na and Ca by means of emulsion flame spectroscopy, as well as Mg, Zn, Fe, molybdenum (Mo), Mn and Cu, by means of absorption flame spectroscopy.
All data were analysed using the software Statistica, version 12 (Statsoft). In order to determine the significance of differences in the SPAD index, the content of macro-and microelements in grain and soil and the yield of the plants were determined, also a one-way analysis of variance (ANOVA) was conducted. The significance of differences between the means was compared by means of Tukey's multiple range tests. Statistical significance was considered to occur at p ≤ 0.05. Different letters in columns symbolize significantly different groups.
RESULTS AND DISCUSSION
The average yield of buckwheat seeds is, according to the data contained in the literature of the subject, at a level ranging from 850 to 990 kg ha -1 (Kalinova et al. 2005) , depending on the variety. According to Adams et al. (2016) , over the course of 16 years, the minimum millet crop yield was less than 100 kg ha -1 and maximum was greater than 1650 kg ha -1 . In own research, depending on the fertilization applied, the buckwheat yield ranged from 85.5 to 84.0 g plot -1 , i.e. 855 to 840 kg ha -1 . The average yield of millet ranged from 24.6 to 23.4 g plot -1 , i.e. 246 to 234 kg ha -1 (Fig. 1) . Although a statistically significant variation in the yield of buckwheat and millet between the individual experimental variants was recorded, these differences were insignificant. The application of fertilization with manure significantly increased the buckwheat yield by 0.18 g plot -1 (i.e. 1%) as compared to the control. Plants grown in plots, in which EM were used, produced the lowest yields (by 0.27 g plot -1 lower yield of grain, i.e. 1.6%, with reference to the control). The beneficial effect of the biological preparations depends on the type of agent used, its dose and the species of plant (Kocoń and Gałązka 2015), which may partially explain the poor reaction of buckwheat to EM used in own research. Similar results were obtained by Priyadi et al. (2005) , who recorded an increase in corn yield after the application of chicken manure, while EM did not have any effect. There is also some information in Polish and foreign literature (Piskier 2006; Muthaura et al. 2010 ) that refers to the introduction of preparations with useful microorganisms, and the improvement in crop yields that may be obtained, this finding was confirmed by our own research. A significantly higher yield of millet, compared to the control, was recorded in plots with N fertilization, manure and EM, on average 0.225 g plot -1 , i.e. 5%. An increase in the yield of millet was reported as a result of mineral fertilization and the application of bovine manure in doses reduced in relation to the recommendations, Adams et al. (2016) .
The chlorophyll content in leaves is influenced by genetic features, the plant development phase, the availability of nutrients and climatic and soil conditions. Its concentration increases significantly after the use of macroelements and in particular N fertilization (Hokmalipour and Darbandi 2011) . The chlorophyll content in the leaves of both species differed significantly, depending on the development phase and the type of fertilizer applied. Leaves fertilized with mineral fertilizer contained significantly more chlorophyll than those of the control plants, an average of 53% more for buckwheat and 87% for millet (Tab. 1). The largest concentration of chlorophyll was observed in buckwheat leaves in the BBCH 70-79 stage. Millet leaves contained the most chlorophyll in the BBCH 80-89 stage.
According to many researchers, the use of EM favours the production of organic matter, lowering the soil pH, and increasing the uptake of water and nutrients by plants, because it can mitigate the effects of stress in the plant and thus contribute to an increase in chlorophyll concentration in leaves (Amro et al. 2014) . Muthaura et al. (2010) did not find significant differences in the chlorophyll content of leaves among the different treatments applied (manure, microorganisms, control), although according to the authors, the content of chlorophyll a and b was slightly higher in plants inoculated with effective microorganisms. In our own research, the leaves of plants fertilized with EM were characterized by the lowest concentration of chlorophyll in comparison with those fertilized by mineral fertilizers and manure. The exceptions were buckwheat leaves in the BBCH 70-79 and 80-89 stages (Tab. 1), where the highest chlorophyll concentration was found after the application of EM among the experimental variants. In the early stages of leaf growth, the synthesis of chlorophyll, proteins and structural compounds is high, which results in a high level of catabolism in order to meet the energy needs of the plants (Muthaura et al. 2010) .
In the experiment carried out, an increase in the chlorophyll concentration of the leaves followed gradually with the growth of plants. Only in the buckwheat leaves fertilized with mineral fertilizer and manure, in the BBCH 70-79 and 80-89 stages, was a gradual decrease in the concentration of green pigments observed, which may be a result of the specificity of the species grown, the age of the leaves or the reaction of the species to the fertilizer applied (Yang et al. 2014b ). The chemical composition of plants can be modified by many factors, both genetic and agrotechnical, this is directly related to the nutritional value of food products supplied for human consumption. The mineral content of buckwheat and millet grains was significantly different in individual research variants, which may indicate the different abilities of absorption and accumulation of these components by specific species cultivated under different fertilization conditions (Tab. 2). The average mineral content in the analysed buckwheat grain was higher compared to the data found in the literature (Thi et al. 2014) . The most beneficial mineral composition was characterized for buckwheat seed harvested from plots fertilized with manure. Compared to the control, grain fertilized with manure contained significantly more N (by 5%), Mg (by 8%), Mn (by 58%), Cu (by 51%) and Mo (by 14%). For the buckwheat grain grown in plots, on which EM were applied, significantly more K (by 2%), Mg (by 12%), Cu (by 37%) and Fe (by 14%) were found. The application of the microbial preparation facilitated the uptake of K, Mg, Cu and Fe by the plant (Radkowski and Radkowska 2018) . Grain harvested from plots treated with a mineral fertilizer was significantly more abundant in Ca (by 33%), Cu (by 51%), Mo (by 8%) and Zn (by 37%). According to the literature data on the subject (Kalinová 2002) , mineral compounds constitute from 1.5 to 4.2% of the millet grain. The millet grain studied was abundant in K, Fe and Mn, which confirms the reports of Kalinová (2002) and Dembiras (2005) . According to the authors quoted, millet is also an excellent source of Cu and Zn, which are important components in the structures of enzymes, this is also confirmed by our own research. The analysed millet responded best to mineral fertilization (Tab. 3). Grain from plots fertilized with mineral fertilizer, compared to the control, contained significantly more N, P, K, Mg, Ca, Zn and Mn, by 40, 16, 4, 15, 188, 49 and 29%, respectively. The manure used contributed to increasing the concentration of N and P by 39 and 18%, respectively. Grains collected from EM plots contained 14% more P and 11% more Mn than those from control plots, which correspond to the results of studies conducted by Radkowski and Radkowska (2018) . In a properly balanced diet, which provides the body with minerals necessary for good health, their proper distribution should be ensured first (Tab. 3). Their ratio is of decisive importance to their bioavailability. The absorption of individual elements may be increased or weakened by the supply of other elements. According to Majkowska-Gadomska (2006) , the ratio of Ca to Mg should not exceed a value of 3, which confirms that the grain of the studied species could be a good source of the discussed elements. Higher proportions of Ca:Mg, according to Francke (2010) , may indicate a shortage of Mg in a food. The most well-known minerals are Ca and Mg, they are present in the largest amount in the body and bone structure. Their correct ratio in food should be above 1 (Ihedioha and Okoye 2011) . In the analysed grain of both species, the Ca:P ratio was below the normal values. According to data presented by Majkowska-Gadomska (2006) , the correct proportions of K:Mg in a diet should not exceed 6. In the examined material, only for the millet grain collected from the control and EM-fertilized plots, were the proportions of both elements slightly exceeded. An important role in regulating blood pressure is played by the correct Na:K ratio, which for both buckwheat and millet grains was in accordance with data available in the literature, i.e. below 1 (Yusuf et al. 2007 ).
Resistance to stress factors, and the size and quality of crop yields depends mainly on soil fertility. The abundance of the digestible form of the nutrients determines soil fertility. The correct soil pH significantly affects the balance and availability of macroelements for plants. Buckwheat and millet produce the best yields from soils close to neutral pH. The best growth conditions for both species were found in plots, in which manure was used (Tab. 4). The study indicated that the application of EM has no significant effects on soil pH, which correlates with the results of studies by Jakubus et al. (2010) and Radkowski and Radkowska (2018) . The soil fertilized with manure was characterized by the highest content of C org among all of the experimental variants, by 18% in buckwheat plots and by 42% in plots with millet, compared to the control. An increase in the C org content due to the use of manure was also confirmed by Siwik-Ziomek and Lemanowicz (2014) . With regard to the control, for both buckwheat and millet cultivation, the highest increase in mineral content was observed for the plots, in which manure was used. After the application of manure, the soil contained more N, K, P, Mg and Ca, respectively for buckwheat by 32, 26, 164, 156 and 73%, and for millet by 49, 118, 329, 195 and 98%. According to researchers (Jakubus et al. 2010) , there is a relationship between the influence of effective microorganisms on the soil nutrient content and the type of soil. The authors concluded that increasing the doses of the EM-preparation increased the quantities of available K, Mg and mineral N values in the grey-brown podzolic soil. On the other hand, in the case of the proper black earth, the concentrations of available K, Mg and other mineral components decreased. Although statistically significant, the differences in the concentrations of the majority of the analysed macronutrients were not confirmed, there was an upward trend in the plots, on which EM were applied. Ramakrishnaiah and Vijaya (2013) reported the positive effects of bio-preparations on the concentration of N, P and K in soil. An increased accumulation of K in the soil after the use of bio-inoculants was also proved by Bohrer et al. (2003) and by Radkowski and Radkowska (2018) . A reduction in the level of absorbable forms of Mg in soil treated with EM (by 16%, in millet cultivation) was confirmed Zydlik and Zydlik (2008) . According to the authors cited, Mg was taken up by plants.
The C:N ratio affects the decomposition of organic matter and determines the availability of N for plants. A ratio higher than 20:1 favours the immobilization of N, while for one below 15:1, mineralization is dominant. With the exception of soil fertilized with mineral fertilizers during the growth of buckwheat, the C:N ratio did not exceed 15:1 (Tab. 4). An increase in the content of Cu and Zn in soil under the influence of manure fertilization was confirmed by the studies of Rutkowska et al. (2009) . In the cultivation of buckwheat in soil fertilized with manure, a significantly higher concentration of Zn and Cu was found compared to the control plots, on average by 11 and 18% (Tab. 5). In the cultivation of millet, fertilization with manure significantly increased the Zn content by 31%, Cu by 73% and Mn by 14%. The greatest amount of Fe was found in soil fertilized with mineral fertilizers (by 4%). According to Behera et al. (2011) the content of Zn in soil increases under the influence of organic matter compounds, because this element forms labile organic-mineral complexes. CONCLUSIONS 1. The studied buckwheat and millet species responded with significantly higher yields to natural fertilization. The buckwheat grain fertilized with manure was characterized by the highest concentration of nitrogen (N), magnesium (Mg), manganese (Mn), copper (Cu) and molybdenum (Mo). For millet grain fertilized with manure, the highest amounts of N, phosphorus (P), sodium (Na) and Mo were found. The application of manure also positively influenced the chemical properties of the soil, increasing the pH of the soil to values beneficial for the growth of buckwheat and millet, as well as having a beneficial influence over the content of minerals necessary for plant growth and development.
2. It is difficult to definitely confirm the positive effect of the applied preparation with effective microorganisms in the cultivation of buckwheat and millet. However, their positive role should be emphasized, especially in relation to the soil. For the buckwheat plots, on which effective microorganisms (EM) were applied, there was an upward trend in the concentration of the investigated macronutrients in the soil, and it was significantly higher in the case of N, P, K, Mg and Ca than in plots fertilized with a mineral fertilizer. A similar situation was observed in the cultivation of millet, where significantly more N, P, K and Mg were recorded than after the application of mineral fertilizers.
3. Both the research results discussed above and a number of similar experiments conducted in Poland and abroad support a reduction in the use of mineral fertilizers in favour of natural fertilizers, especially in the cultivation of plants for human and animal consumption, and for production that does not threaten the natural environment. Further research is also required to examine the impact of EM in subsequent years. The experiment conducted shows that microbiological preparations can improve the chemical properties of the soil, and the nature of their activity may depend on their type, dose, species of plant, the stage of development during which it is applied, and the prevailing climate and soil conditions.
